We present X-Shooter/VLT observations of a sample of 36 accreting low-mass stellar and sub-stellar objects (YSOs) in the Lupus star forming region, spanning a range in mass from ∼0.03 to ∼1.2 M , but mostly with 0.1 M < M < 0.5 M . Our aim is twofold: firstly, analyse the relationship between excess-continuum and line emission accretion diagnostics, and, secondly, to investigate the accretion properties in terms of the physical properties of the central object. The accretion luminosity (Lacc), and from it the accretion rate (Ṁacc), is derived by modelling the excess emission, from the UV to the near-IR, as the continuum emission of a slab of hydrogen. The flux and luminosity (L line ) of a large number of emission lines of H , He , Ca ii, etc., observed simultaneously in the range from ∼330 nm to 2500 nm, were computed. The luminosity of all the lines is well correlated with Lacc. We provide empirical relationships between Lacc and the luminosity of 39 emission lines, which have a lower dispersion as compared to previous relationships in the literature. Our measurements extend the Paβ and Brγ relationships to Lacc values about two orders of magnitude lower than those reported in previous studies. We confirm that different methodologies to measure Lacc andṀacc yield significantly different results: Hα line profile modelling may underestimateṀacc by 0.6 to 0.8 dex with respect toṀacc derived from continuum-excess measures. Such differences may explain the likely spurious bi-modal relationships betweenṀacc and other YSOs properties reported in the literature. We deriveṀacc in the range 2×10 −12 -4×10 −8 M yr −1 and conclude thatṀacc ∝ M 1.8(±0.2) , with a dispersion lower by a factor of about 2 than in previous studies. A number of properties indicate that the physical conditions of the accreting gas are similar over more than 5 orders of magnitude inṀacc, confirming previous suggestions that it is the geometry of the accretion flow that controls the rate at which the disc material accretes onto the central star.
Introduction
The mass accretion rate is a key quantity for the studies of pre-main sequence (PMS) stellar evolution. The evolution of accretion discs around young low-mass (M <0.5M ) stellar and sub-stellar objects (YSOs) is regulated by the simultaneous effects of the mass accretion onto the star and the ejection of matter from the star-disc system (Paatz & Camenzind 1996 , and references therein). Understanding the evolution of accretion discs can provide strong constraints on theories of planet formation and evolution. The mass accretion rate,Ṁ acc , sets an important constraint for the disc evolution models ) and disc clearing mechanisms (Alexander et al. 2006; Gorti & Hollenbach 2009 ).
All young objects, from intermediate mass stars to brown dwarfs, show at some stage of their evolution evidence of circumstellar discs and accretion. The currently accepted paradigm that explains mass accretion in YSOs is the magnetospheric accretion model (Uchida & Shibata 1985; Königl 1991; Shu et al. 1994) . The model assumes that matter from the inner edge of the accretion disc is channelled along the magnetic field lines onto the star. The gas shocking at the stellar surface produces high temperatures (∼10 4 K), giving rise to continuum and line emission in the accretion flows. Balmer continuum radiation is mostly emitted in the optically thin pre-shock gas, while Paschen continuum emission is generally produced in optically thick post-shock gas. Emission in the Balmer lines as well as in other lines of Ca ii and He i originates mainly in the accretion columns (Hartmann et al. 1994; Muzerolle et al. 2001; Kurosawa et al. 2006) . The accretion luminosity, L acc , which measures the radiative losses, integrated over the whole spectrum, can be converted into mass accretion rate,Ṁ acc , if the YSOs radius and mass are known Hartmann 1998) .
In the past, L acc has been calculated using veiling measurements in high-resolution spectra (e.g. Hartigan et al. 1991; Hartigan & Kenyon 2003; White & Hillenbrand 2004 , and references therein), or by modelling the Balmer and Paschen continuum excess emission with a plane-parallel slab of hydrogen in local thermodynamic equilibrium (LTE) (e.g. Valenti et al. 1993; Gullbring et al. 1998; Herczeg & Hillenbrand 2008; Rigliaco et al. 2012) . More recently, the continuum excess emission has been measured by incorporating in the models multiple accretion components with a large range of energy fluxes (Ingleby et al. 2013) .
First direct measurements of UV excess emission in very low-mass stars and sub-stellar objects were done by Herczeg & Hillenbrand (2008) ; Herczeg et al. (2009) and Rigliaco et al. (2012) . Prior to theses studies, the difficulty of detecting the Balmer continuum emission in brown dwarfs called for the necessity of developing magnetospheric accretion models to reproduce the Hα line profile (Muzerolle et al. 2001 (Muzerolle et al. , 2003 (Muzerolle et al. , 2005 , more easily measured in these objects. These studies additionally showed that the size of the accretion flows and the mass accretion rate are correlated, suggesting that it is the geometry of the accretion flows that controls the rate at which the disc material accretes onto the central star (Muzerolle et al. 2001) .
It has been shown that L acc , henceṀ acc is well correlated with the line luminosity, L line , of several emission lines of the Balmer series, He i and Ca ii lines (e.g Herczeg & Hillenbrand 2008; Rigliaco et al. 2012 , and references therein), as well as with hydrogen recombination lines in the near infrared (Muzerolle et al. 1998; Calvet et al. 2004 ). This underlines the importance of these emission features as accretion diagnostics. TheṀ acc -L line relationships were then extended down to the sub-stellar regime (Natta et al. 2004; Mohanty et al. 2005; Herczeg & Hillenbrand 2008) , by combining measures ofṀ acc using different methodologies for different mass regimes (spectral veiling determination and modelling of the Hα line profile for the stars with M greater and lower than 0.3M , respectively). A two-mode relation, with respect to YSO mass, betweeṅ M acc and the surface flux of the Ca ii infrared triplet (IRT) line at 866.2 nm was suggested (Mohanty et al. 2005) , but the origin of the bi-modality was unclear. A relationship betweenṀ acc and the width of the Hα line at 10% of the line peak was also established, though with a large scatter (Natta et al. 2004) .
Researchers have been using emission lines as proxies to measure L acc (Muzerolle et al. 1998 (Muzerolle et al. , 2000 (Muzerolle et al. , 2001 (Muzerolle et al. , 2005 Natta et al. 2004; Mohanty et al. 2005; Gatti et al. 2006; Gatti et al. 2008; Antoniucci et al. 2011; Biazzo et al. 2012 , and references therein). When applied to large samples of YSOs, the L acc -L line relations provided a correlation between accretion rate and mass of the central object, i.e. M acc ∝ M α with α ≈ 2 (Muzerolle et al. 2005; ), but with a scatter of more than 2 dex in logṀ acc , at a given YSO mass. Such a large scatter is not easily explained in terms of YSO variability (Costigan et al. 2012 (Costigan et al. , 2013 or different methodological approach used to derive L acc (Herczeg & Hillenbrand 2008) .
The main caveat of the L acc -L line relations is the non-simultaneity of photometry and spectral line measurements, complicated by the fact that emission lines can trace strong winds as well as mass accretion. Additionally, emission lines are produced not only by accretion, but also in other processes such as chromospheric activity. This adds more uncertainty on the L acc determinations from lines. The uncertainty depends on the level of the accretion rate and on the stellar properties (see Manara et al. 2013a ).
Deriving precise L acc -L line relations for accretion requires well-calibrated observations of both the continuum and line fluxes over a wide range of wavelengths, and over the widest possible range of YSO physical parameters, i.e., L acc ,Ṁ acc , and M . Furthermore, an accurate knowledge of both the photospheric and chromospheric spectrum of the YSO, which need to be subtracted from the observed flux to isolate the accretion emission, is required. On the other hand, a large number of emission line diagnostics over a wide wavelength need to be studied simultaneously to avoid problems related to YSO variability, in order to probe gas at different excitation conditions. These requirements can be fulfilled with the use of broad spectral range spectrographs such as X-Shooter (Vernet et al. 2011 ) at the VLT. X-shooter is an ideal instrument for this purpose, as its wide wavelength range (300-2500 nm), covered in a single shot, allows comparing many different accretion diagnostics simultaneously.
In this paper we present the analysis and results of XShooter observations of a sample of 36 accreting YSOs in the Lupus star forming region, spanning a range in mass from ∼0.03 to 1.2 M , but the majority with M < 0.5M . We use the continuum UV-excess emission as a measure of L acc , hence ofṀ acc , and provide revised relationships between L acc and the luminosity, L line , of an unprecedentedly large number of emission lines. The accretion properties of the sample are also analysed.
The sample and observations are presented in Section 2, while in Section 3 the sample characterisation is provided. The determinations of L acc , obtained by fitting the Balmer and Paschen continua with a model of a slab of hydrogen, and derivation ofṀ acc , as well as the luminosity of a number of permitted emission lines are presented in Section 4. The relationships between L acc and L line are derived in Section 5, while the accretion properties of the sample are examined in Section 6. The results are then discussed in Sections 7 and our main conclusions are summarised in Section 8.
Sample, observations and data reduction
As part of the consortium that built X-Shooter, INAF was granted 46 nights of guaranteed time observations (GTO) at the VLT-UT2 (Kueyen) spread over a period of three years, starting on ESO period 84. Eight of these nights were devoted to young stellar objects in nearby star forming regions (∼3, 3 and 2, nights for the σ-Ori cluster, the Lupus clouds and the TW Hya association, respectively). The data used in this paper were acquired within the context of the X-Shooter INAF/GTO ) in April 06/07, 2010 , April 23, 2011 and April 18, 2012 .
The sample
We selected YSOs in the Lupus star forming region. The Lupus cloud complex is one of the low-mass star forming regions located closest (d<200 pc) to the Sun (see Comerón 2008 , for a review). Similarly to other regions (e.g., Taurus, Chamaeleon, and ρ-Oph), a large variety of objects in various stages of evolution are present in Lupus. Several sub-stellar objects have also been discovered in the region (Comerón 2008; López-Martí et al. 2003) .
Our sample comprises 36 YSOs mainly in the Lupus I and III clouds satisfying as close as possible the following criteria: i) YSOs with infrared Class-II characteristics and low extinction to take full advantage of the broad XShooter spectral range, from UV to near-IR; ii) targets well surveyed in as many photometric bands as possible: mainly Spitzer (IRAC & MIPS) surveys and complementary Widefield Infrared Survey Explorer (WISE; Wright et al. 2010 ) data, as well as optical photometry available; iii) mostly very low-mass (VLM, M < 0.3 M ) objects, but also a number of more massive (M < 1 M ) stars, in order to explore a wider range of accretion luminosity.
The two main bibliographic sources from which our sample was compiled are Allen et al. (2007) and Merín et al. (2008) . The former reports several new VLM young stellar and sub-stellar objects with Spitzer colors, while the latter provides a well characterised sample in terms of spectral energy distribution (SED) and SED spectral index, based on the Spitzer c2d criteria (Evans et al. 2009 ). Additional Class-II YSOs in Lupus-III that extend the sample to a broader mass range, and eventually to higher accretion luminosity, were selected from Hughes et al. (1994) , following as close as possible criteria i) and ii) above, although several of these targets do not possess Spitzer fluxes because they were not covered by the c2d or other Spitzer surveys. Thus, the available WISE data were used.
Among the selected objects, there are two visual binaries, namely Sz 88 and Sz 123, where both the components were observed by us. In other 8 of our YSOs the Spitzer images revealed objects with separation between 2. 0 and 10. 0 (see Table1), among these 6 at separations larger than 4. 0 (see Table 1 in Merín et al. 2008 and Table 9 in Comerón 2008) . The spatial resolution of X-Shooter is sufficiently high, allowing the observation of all our targets without light pollution from any of those nearby objects. To our knowledge, none of our targets has been reported as a spectroscopic binary in previous investigations using high-resolution spectroscopy (e.g. Melo 2003; Guenther et al. 2007 ). Our sample also includes Par-Lup3-4, one of the lowest mass young stellar objects in Lupus known to host an outflow (Comerón et al. 2003) . Although separate X-Shooter papers are being devoted to studying outflows (Bacciotti et al. 2011; Whelan et al. 2013; Giannini et al. 2013) , we include Par-Lup3-4 here to investigate its accretion properties in the same way as the other targets.
It must be stressed that, although the sample covers rather well the mass range between ∼0.05 M and ∼1 M (40% with M < 0.2 M , 35% with M in the range 0.2-0.5 M , and 25% with M >0.5M ), it is incomplete at each mass bin. However, our sample represents about 50% of the total population of Class-II YSOs in the Lupus I and Lupus III clouds (see Table 6 by Merín et al. 2008 , for the statistics of the different YSO Classes). Table 1 provides the list of the targets. Ancillary photometric data, in the optical, near-and mid-IR, were collected from Allen et al. (2007) , Merín et al. (2008) , the WISE All-Sky Source Catalog and from an unpublished catalog by Comerón et al. (2009) . Such data are reported in the on-line Tables C.1 and C.2 (published in electronic form only). Although not simultaneous with the X-Shooter spectroscopy, these are the only photometric data available that can be used for comparisons with the spectroscopic fluxes.
X-Shooter spectroscopy
With its three spectrograph arms, X-Shooter provides simultaneous wavelength coverage from ∼300 to ∼2480 nm. For most of the targets slits of 1.0/0.9/0.9 arc-sec were used in the UVB/VIS/NIR arms, respectively, yielding resolving powers of 5100/8800/5600. Only the two brightest objects in the sample (Sz 74 and Sz 83) were observed through the 0.5/0.4/0.4 arc-sec slits in the UVB/VIS/NIR arms, respectively, yielding resolving powers of 9100/17400/10500. Table 1 includes the log of observations. Most of the targets were observed in one cycle using the A-B nodding mode, while three (Lup 706, Par-Lup3-4, and 2MASS J16085953-3856275) were observed in two cycles using the A-B-B-A nodding mode. Several Class-III YSOs, indistinctly quoted here as Class-III YSOs or Class-III templates, were also observed throughout the various Italian-GTO star formation runs, and their properties were published in separate papers (Manara et al. 2013a; Stelzer et al. 2013b) . The spectra of such stars are used as templates for the modelling of Balmer and Paschen continua (Section 4.1.1) and to estimate extinction and revisit the spectral types (Section 3) of the Class-II YSOs. The Class-III templates cover rather well the spectral range from K5 to M9 (see Manara et al. 2013a) .
Except for a few minutes of thin cirrus when the seeing was ∼1.3 arc-sec (only for Sz 130) and some clouds at the end of the night on April 06, 2010 (but only for the Class-III YSOs Par-Lup3-1 and Par-Lup3-2, see Manara et al. 2013a) , the weather conditions were mostly photometric with sub-arcsecond seeing.
With a few exceptions explained next, all the targets were observed at parallactic angle. The components of Sz 88 and Sz 123, with separation 1. 49 and 1. 70, respectively, were observed simultaneously by aligning the 11 arc-sec slit at their position angle. Likewise, in the case of Par-Lup3-4 the slit was aligned at the position angle of the outflow (Bacciotti et al. 2011; Whelan et al. 2013) .
Several telluric standard stars were observed with the same instrumental set-up and at very similar airmass as Notes. † : nearby (2. 0 < d < 10. 0) object detected in the Spitzer images (see Merín et al. 2008; Comerón 2008) . ‡ : the S/N ratio refers to the central wavelength of each spectrograph arm.
the targets. Normally two flux standards per night were observed through a 5 arcsec slit for flux calibration purposes.
Data reduction
The data reduction was done independently for each spectrograph arm using two versions of the X-Shooter pipeline (Modigliani et al. 2010) , depending on the period in which the data were acquired: version 1.0.0 was used for the April 2010 data, while for the data acquired in April 2011 and April 2012 version 1.3.7 was used. The standard steps of processing included bias or dark subtraction, flat fielding, optimal extraction, wavelength calibration, and sky subtraction. Since version 1.0.0 did not include flux calibration, a MIDAS 1 routine (see details in Alcalá et al. 2011 ) was used for the April 2010 data. Wavelength shifts due to instrumental flexure were corrected using the flexcomp package within the pipeline. The precision in wavelength calibration is better than 0.01 pix in the UVB and VIS arms, corresponding to 0.002 nm, but errors can be as large as ∼0.006 nm in the NIR arm. The flux calibration for the April 2011 and April 2012 data was done using the pipeline. A test data-set was processed with both the MIDAS procedure and the pipeline, confirming that the flux-calibrated spectra resulting from both procedures are identical. The final extracted one-dimensional flux-calibrated spectra, from the MIDAS procedure or the pipeline, are not corrected for telluric absorption bands. The telluric correction was performed independently in the VIS and NIR spectra as explained in Appendix A. The X-Shooter scale of ∼0.16 arc-sec/pix along the slit direction allowed to resolve the components of the binaries, making possible the extraction of the spectra of the individual components, without any light contamination.
By comparing the response function of different flux standards observed during the same night, we estimate an intrinsic precision on the flux calibration of ∼5%. This does not consider, however, errors due to flux losses induced by seeing variations during the science exposures. Such errors are expected to be small (less than 10%), as the seeing was always sub-arcsecond during the science exposures. In the case of Sz 74 and Sz 83, both observed with the narrow slits, the seeing was ∼0.5 arc-sec. Therefore, ∼10% can be considered as a robust relative error for the flux calibration.
The overlap of ∼40nm between the UVB-VIS and VIS-NIR spectra allows us to verify the consistency in flux between the different arms. While the flux match between the UVB and VIS spectra is always perfect, the NIR flux in some cases is low with respect to the VIS flux by a factor < 1.2 2 . Thus, an additional correction was applied to the NIR spectrum to match the flux in the VIS arm.
Finally, the ancillary photometric data were used to compare the spectroscopic fluxes with the photometric ones. The spectra follow the corresponding SED shape very well, with most of them matching the photometric fluxes within a factor of less than 1.5, whereas in some cases of objects well known to be strongly variable (c.f. Par-Lup3-4, Sz 74, Sz 83, Sz 106, Sz 113) the ratio may be as large as 2.5. In these latter cases the difference between photometric and spectroscopic fluxes can be ascribed to variability of the object.
Stellar and sub-stellar properties
Estimates of the physical parameters exist in the literature for some of the YSOs in our sample, but they are unknown for the majority of our targets. The quality and performance of the X-Shooter spectra allow us to derive many physical quantities (c.f. Manara et al. 2013b) . In this paper, however, we focus only on those parameters strictly needed to study the accretion properties of our sample. Examples of full exploitation of the X-Shooter spectra for brown dwarfs and YSOs can be found in Alcalá et al. (2011 , Manara et al. (2013a) and Stelzer et al. (2013a,b) .
Spectral type
For the M-type stars various spectral indices were calculated following Riddick et al. (2007) for optical wavelengths, and the H2O-K2 index from Rojas-Ayala et al. (2012) for the near-IR spectra. The Riddick et al. (2007) spectral indices in the VIS are almost extinction independent 3 . The spectral type assigned to a given object was estimated as the average spectral type resulting from the various indices in the VIS. From the dispersion over the average of all the available spectral indices we obtain an uncertainty of half a spectral subclass.
The NIR indices provide spectral types which are consistent with the VIS results typically within one spectral sub-class. Thus, the spectral types derived from the VIS are adopted for the analysis, consistently with the spectral type assignment for the Class-III templates (Manara et al. 2013a) . The spectral types are listed in Table 2 . For both the earliest-type stars in our sample (Sz73 and Sz83), an accurate spectral type of K7 is reported in the literature (see 2 Some flux losses in the NIR may result due to slit vignetting caused by a slight misalignment of the NIR slit with respect to the VIS and UVB arms.
3 Note that the spectral indices may be affected by high extinction (AV >5 mag). Worth to say that none of our targets has such high AV. Herczeg & Hillenbrand 2008; Comerón 2008) . We revisit, however, the determination using the procedures described in Section 3.2. Some difference in spectral type determinations in the literature can be ascribed to the different spectral ranges used in the different investigations (Comerón et al. 2003; Hughes et al. 1994; Mortier et al. 2011) . With the wide spectral range of X-Shooter we can overcome this problem. In Appendix B we investigate the impact of veiling on the spectral indices, and conclude that for all M-type YSOs veiling is estimated to influence spectral type classification to less than 0.3 spectral subclasses, i.e. well within the uncertainty of spectral type determinations using spectral indices. Generally, our spectral types are consistent within ±0.5 sub-class with those in the literature, with a few exceptions that are discussed at the end of the next section. The range of spectral types of our sample is from K7 to M8, with an over-abundance of M4-M5 objects (see Figure 1 ).
Extinction
To derive the extinction, A V , for a given Class-II YSO, its VIS spectrum was compared with the Class-III templates best matching the Class-II spectral type. All our Class-III templates have low extinction (A V < 0.5) (see Manara et al. 2013a) . The templates were then artificially reddened by A V =0...4.0 mag, in steps of 0.25 mag, until the best match to the Class-II YSO was found. To redden the spectra we used the extinction law by Weingartner & Draine (2001) , which covers a wide range in wavelength, from the UV to the mid-IR, and has also been adopted for the c2d investigations (see Evans et al. 2009 ). The procedure simultaneously provided a further test for the correct assignment of the template to derive the accretion luminosity (see Section 4.1.1). The A V values derived in this way are listed in Table 2 . We confirm that the majority of the targets possess zero extinction, as they were selected with this criterion. The highest values, 2.2 mag and 3.5 mag, are found for Par-Lup3-3 and Sz73, respectively.
The main sources of uncertainty on A V are the errors in spectral type when associating a template to a given YSO and the error in the extinction of the template. The combined effect leads to an error of <0.5 mag. However, an-other important source of uncertainty may be introduced by strong veiling, which makes the YSOs spectra intrinsically bluer than the templates. In Appendix B we investigate this effect using the object with the strongest veiling among the M-type YSOs in our sample, i.e. Sz 113 (see Section 4.1.1) and conclude that in this case we may underestimate A V by less than ∼0.5 mag. Thus, the extinction as derived above is not severely affected by the veiling in our sample, but in order to minimize the impact of veiling the extinction was derived only from the red portion of the spectra starting at 600 nm. For earlier type stars (<K7) with much higher levels of veiling than those in our sample, other methods to derive extinction must be used (see for instance Manara et al. 2013b) .
To check the self-consistency of the extinction derived in another spectral range we repeated the same procedure on the NIR spectra. The result is that the A V values are consistent within the 0.5 mag uncertainty, but affected by a larger error (∼0.75 mag). The latter is mainly due to the higher uncertainty in the spectral type provided by the spectral indices in the NIR than in the VIS. Thus, the values derived from the VIS are adopted for the following analysis. Another obvious reason for preferring the extinction in the VIS is that the extinction in the NIR is small and one needs to multiply it (and its uncertainty) by a large factor to derive A V .
Our spectral type and extinction determinations are in good agreement with the literature values, except in a few cases. For Sz 69, Hughes et al. (1994) give a spectral type M1 with a visual extinction of 3.20 mag, while in our case the M4 template with zero extinction fits much better the entire X-Shooter spectrum. For Sz 110, Hughes et al. (1994) give M2, while Mortier et al. (2011) claim M3, more consistent with our M4 determination. In the case of Sz 113, the M4 spectral type reported by Hughes et al. (1994) (Comerón et al. 2003) . The confirmed underluminosity and edge-on geometry of this object (Comerón et al. 2003; Huelamo et al. 2010 ) suggest that our zero extinction can be interpreted as wavelength-independent, i.e. gray extinction, rather than as a null extinction (Whelan et al. 2013 ). Interestingly, a null extinction is consistent with the value derived off-source using the [Fe ii] lines at 1.27, 1.32, 1.64 µm (Bacciotti et al. 2011; Giannini et al. 2013) , that trace jet emission (Nisini et al. 2005) .
On the other hand, it is worth mentioning that the zero extinction we find for Sz 83 agrees with the value derived by Herczeg et al. (2005) from the profile of the Lyα line. Our procedure also confirms the spectral type of this YSO, despite its strong veiling (see Section 4.1.1). Also, our A V determination for Sz 113, the most veiled among the M-type YSOs in our sample, agrees with the one by Hughes et al. (1994) .
YSOs physical parameters
The effective temperature, T eff , was derived using the temperature scales given by Kenyon & Hartmann (1995) for the two K-type stars, and by Luhman et al. (2003) for the M-type YSOs. The latter scale is intermediate between the dwarf and giant temperature scales, and more appropriate for young objects than temperature scales derived for The stellar luminosity and radius were computed using the methods described in Spezzi et al. (2008) , adopting the extinction and distance values given in Table 2 . The stellar radius has also been determined using the flux-calibrated X-Shooter spectra as explained in Alcalá et al. (2011) . The good agreement between the radius calculated with the two methods (c.f. Figure 5 in Alcalá et al. 2011 ) further confirms the reliability of the flux calibration of the spectra. Mass and age were derived by comparison with theoretical PMS evolutionary tracks (Baraffe et al. 1998; Chabrier et al. 2000) on the HR diagramme. The physical parameters of the targets are listed in Table 2 and summarised in Figure 2 . Uncertainties in luminosity, radius and mass take into account the error propagation of about half spectral sub-class in spectral typing, as well as errors in the photometry and uncertainty on extinction.
The luminosity of four objects, namely Par-Lup3-4, Lup706, Sz 123B, and Sz 106, is significantly lower than for the other YSOs of similar spectral type or mass, hence their age results apparently older than 15 Myr. The subluminosity of these objects in comparison with the others is evident in Figure 3 , where the HR-diagramme for the sample is shown. It is not entirely clear whether the relatively low-luminosity of these objects is due to evolution or to obscuration effects because of a particular disc geometry. Sub-luminosity has been reported for Sz 106 and Par-Lup3-4 (Comerón et al. 2003) , and for the latter it has been shown that the disc is edge-on (Huelamo et al. 2010) . No evidence of subluminosity for the other two objects is found in the literature. At the end of the paper (Section 7.4) we provide arguments suggesting that the sub-luminosity of these objects is most likely due to geometrical effects.
The average age of 3±2 Myr for the sample, excluding the sub-luminous objects 4 , is consistent with previous age estimates for Lupus YSOs (Comerón 2008 , and refer- Baraffe et al. (1998) , while the dashed lines show the lowmass Pre-Main Sequence evolutionary tracks by the same authors as labelled. ences therein). We do not detect statistically significant differences among the stellar parameters of the Lupus-I and Lupus-III YSOs because our number statistics is small and this work deals only with Class-II YSOs. Note, however, that a recent investigation (Rygl et al. 2013 ) based on Herschel data of significant samples of all classes of YSOs, concludes that there are differences in the star formation rate between the various Lupus clouds.
Finally, the Li I λ670.78nm absorption line is detected in all the spectra, and it is identified for the first time in nine of our targets, two of which are part of the Class-III sample (Manara et al. 2013a ). Among these nine, three objects previously considered only as candidates were confirmed to be truly YSOs. We also stress that for the stars Sz 105 and Sz 94, originally included in the X-Shooter observations, no lithium absorption was detected, despite the high S/N of their spectra. Therefore, they are not considered in our analysis. The nature of the Class-III source Sz 94 has been discussed in Manara et al. (2013a) and Stelzer et al. (2013b) , whereas the YSO nature of Sz 105 is unclear, but will be discussed in a future work.
Accretion diagnostics
The energy loss per unit time of the accretion energy, or accretion luminosity L acc , shows up as continuum and line emission over a wide spectral range. The contribution of the lines to L acc is generally ignored because the continuum emission is normally larger, but as will be seen in Section 4.5, significant energy losses also occur in line emission. In this section we derive the accretion luminosity of each YSO in our sample from the continuum-excess measurements, that we describe as the continuum emission of a slab of hydrogen. Previous determinations of L acc in the literature have also excluded line emission from estimates of the accretion excess emission, making our results directly comparable to those earlier studies. The slab modelling accounts also for the excess emission short-ward 330nm, which is about the shortest wavelength into which our spectra are useful, and allows us to describe the excess emission in the Paschen continuum, where it is measured at very few wavelengths only, as line veiling.
Continuum emission
In accreting YSOs the continuum excess emission is most easily detected as Balmer continuum emission (see Valenti et al. 1993; Gullbring et al. 1998; Herczeg & Hillenbrand 2008; Rigliaco et al. 2012 , and references therein). Except for two very low-mass objects (Lup 604 and Par-Lup3-3), with rather noisy UVB spectra, Balmer continuum emission is evident in all the YSOs of our sample (see examples in Figure 4 ). The observed Balmer jump, BJ obs , i.e. the ratio of the flux at 360 nm to the flux at 400 nm, ranges from 0.4 to 3.7 (c.f. Table 3) , with only three objects (Lup 604, Par-Lup3-3 and Sz 112) having BJ obs ≤0.5. This satisfies the criterion suggested by Herczeg & Hillenbrand (2008) that any mid M-type dwarf with an observed Balmer jump greater than 0.5 should be considered an accretor. The intrinsic Balmer jump, BJ intr , which is the ratio of the flux at 360 nm to the flux at 400 nm after extinction correction and subtraction of the photospheric emission, was calculated using the photospheric spectrum of the same Class-III template as in the slab modelling described below.
Paschen continuum emission (in the wavelength range from 364nm to 820nm) is dimmer than the Balmer emission in the UVB range, but is detected as veiling of the photospheric lines. Examples of such filling-in of the Ca i λ422.7 nm absorption line in some of the YSOs in σ-Ori are shown in Figure 3 by Rigliaco et al. (2012) (see also Figure 2 in Herczeg & Hillenbrand 2008) . The filling-in of this line may be partially due to the Fe i emission lines at 421.6, 422.7 and 423.3 nm. The continuum emission at wavelengths longer than about 700 nm is rather weak in very low-mass YSOs and is hardly detected in many of our targets.
Calculation of continuum accretion luminosity
Following Valenti et al. (1993) , Herczeg & Hillenbrand (2008) and Rigliaco et al. (2012) , the spectrum of each Class-II YSO is fitted as the sum of the photospheric spectrum and the emission of a slab of hydrogen;the accretion luminosity is given by the luminosity emitted by the slab. We take the photospheric spectrum to be that of the Class-III template best matching the spectral type of the Class-II YSO reported in Table 2 . The input spectra are extinction corrected using the extinction values reported in Table 2 . The hydrogen slab emission includes bound-free and freefree emission from H and H − ; it is computed assuming LTE conditions and is described by three parameters, namely the electron temperature and density and the slab length, which is related to the optical depth at 300 nm. These three parameters determine the wavelength dependence of the excess emission. In addition, there are two "normalization" parameters one for the slab emission and one for the Class-III template flux. We vary these 5 parameters over a wide range of values to find the model that best matches the observed continuum of the target spectrum. More specifically, we consider a number of spectral features, namely the observed Balmer jump, the slope of the Balmer continuum measured between ∼340 and 360 nm, the slope of the Paschen continuum between ∼400 and ∼475 nm, the value of the observed fluxes at ∼360 nm, ∼460 nm, and ∼710 nm. This includes spectral regions where the emission is likely to be dominated by the accretion shock emission and regions where the photospheric emission is likely the dominant component. The best-fit procedure is described in Manara et al. (2013b) . After the best-fitting model has been found, we then check if it reproduces well other spectral features, in particular the Ca i λ422.7 nm absorption line. Examples of slab modelling are shown in Figure 4 and the complete set of plots showing the fits for all targets are provided in electronic form only (Figures from C.1 to C.4). The adopted Class-III templates, and the BJ obs , BJ intr , and L acc values corresponding to each Class-II YSO are reported in Table 3 . In this table we also give the ratio of the excess emission over the photospheric one at 710 nm as in the best-fit model. The uncertainties on L acc are dominated by the uncertainty in the extinction and by the choice of the Class-III template (Manara et al. 2013b ). An additional, non-negligible uncertainty for low values of L acc , comes from the uncertainty on the Paschen continuum excess emission, especially in objects with poor signal-to-noise (e.g. Rigliaco et al. 2012) . In general, we estimate that the uncertainty on L acc is ∼0.2 dex.
The Balmer and Paschen continua, as well as the Balmer jump, are well reproduced by our fits. On the other hand, we stress that we did not attempt to fit the hydrogen emission lines but only the continuum emission. For this reason the region on the longer wavelength side of the Balmer jump (λ ∼ 365-370 nm) is not well reproduced by our fits, as the emission in this region originates from a superposition of unresolved hydrogen emission lines and not from continuum emission. In some cases, even when the lines are clearly resolved, the overlapping of their wings produce a pseudocontinuum that we do not account for. Such line blending shifts the apparent Balmer jump to ∼370 nm, while the actual jump is at 364.6 nm. In Section 4.5 we estimate the contribution of this effect on the total budget of the Balmer continuum emission.
Only in one case namely Sz123B, the slope of the Balmer continuum is not exactly reproduced by any combination of our free parameters. We checked that this is not due to data reduction problems (e.g. flat-field correction or incorrect spectrum extraction), but perhaps to slit-loss effects. Small differences between the observed and best-fit spectra in the Paschen continuum are present in some objects (e.g. AKC2006-19, Sz115), but differences are small compared to the excess emission in the Balmer continuum region. We were always able to fit our observations with a single slab model, without the necessity of multiple accretion components (Ingleby et al. 2013) , and our fits reproduce well the observed spectra on a large wavelength interval, from ∼330 nm to ∼720 nm.
In about 50% of the objects, the excess emission in the Paschen continuum accounts for more than 50% of L acc , and in all the targets at least 30% of the total excess is emitted in that region.
Mass accretion rate
The accretion luminosities were converted into mass accretion rates,Ṁ acc , using the relation:
where R and M are the YSO radius and mass reported in Table 2 , respectively, and R in is the YSO inner-disc radius Hartmann 1998 ). The latter corresponds to the distance from the star at which the disc is truncated -due to the stellar magnetosphere -and from which the disc gas is accreted, channelled by the magnetic field lines. It has been found that R in ranges from 3R to 10R (Johns-Krull 2007). For consistency with previous studies (e.g. Gullbring et al. 1998; Herczeg & Hillenbrand 2008; Rigliaco et al. 2012 ), here we assume R in to be 5 R . The results onṀ acc are listed in column 7 of Table 3 . We calculateṀ acc values from 2×10 −12 M yr
The sources of error inṀ acc are the uncertainties on L acc , stellar mass and radius (see Table 2 ). Propagating these, we estimate an average error of ∼0.35 dex inṀ acc . However, additional errors on the aforementioned quantities come from the uncertainty in distance, as well as from differences in evolutionary tracks. The uncertainty on the Lupus YSOs distance is estimated to be ∼20% (see Comerón 2008 , and references therein), yielding a relative uncertainty of about 0.26 dex in the mass accretion rate 5 . On the other hand, using the D'Antona & Mazzitelli (1997) tracks we obtain a difference in mass from 10% to 70% (with an average of 30%) with respect to the Baraffe et al. (1998) tracks, leading to uncertainties of 0.04 dex to 0.3 dex inṀ acc . We estimate that the cumulative relative uncertainty inṀ acc is about 0.5 dex.
WithṀ acc =3.4×10 −8 M yr −1 , the strongest accretor in our sample is Sz 83. A variety ofṀ acc estimates for this star exist in the literature that range from 10 −7 to a few 10 −8 M yr −1 , and may be as high as 10 −6 (Comerón 2008) . OurṀ acc estimate is in very good agreement with that calculated by Herczeg & Hillenbrand (2008) (1.8×10 −8 M yr −1 ). There are large discrepancies between ouṙ M acc determinations and those derived by Comerón et al. (2003) for Sz 100, Sz 106, Sz 113 and Par-Lup3-4. The Comerón et al. (2003) estimates, which are based on the flux of the Ca ii λ854.2 nm line, are larger by up to 1 dex. Although part of the discrepancies may be in principle ascribed to variable accretion, such variability must be enormous over timescales of years to explain the differences. Costigan et al. (2012) and Costigan et al. (2013) have observed variable accretion over years, but their results show that it is very rare to have YSOs that varyṀ acc by large factors. Most of the variability they find occurs on rotational timescales, suggesting asymmetric, rather than strongly variable accretion flows.
Emission lines
A large number of permitted and forbidden emission lines, displaying a variety of profiles, are detected. The analysis of forbidden emission lines is deferred to a forthcoming paper (Natta et al. 2013, in prep) . The emission lines studied here are listed in Table 4 . The detection/non-detection of such lines depends on instrumental sensitivity and on the accretion rate of the individual YSO. The number of detections of each line is given in column 5 of Table 4 , labelled as number of points used for the linear fits in Section 5. The detected emission lines include several from the Balmer and Paschen series, the Brγ line, as well as several helium and calcium lines. Examples of permitted emission lines in X-Shooter spectra from our GTO programme have been published in previous papers (e.g. Alcalá et al. 2011; Bacciotti et al. 2011; Rigliaco et al. 2011c Rigliaco et al. , 2012 Manara et al. 2013a; Stelzer et al. 2013a) .
Balmer lines are detected up to H25 in six objects (Lup 713, Sz 113, Sz 69, Sz 72, Sz 83, Sz 88A). One among these (Lup 713) is at the hydrogen burning limit, with its spectrum resembling that of the young brown dwarf J 053825.4−024241 reported in Rigliaco et al. (2011b) . In Sz 88A Balmer line emission is detected up to H27 at the 2σ level. The Pa 8, Pa 9 and Pa 10 are located in spectral regions of dense telluric absorption bands. Although the telluric correction has been performed as accurately as possible, some residuals from the correction still remain. Thus, the detection and analysis of these three Paschen lines is more uncertain, leading to larger errors, in particular for Pa 8.
In this work we consider the nine He i lines with the highest transition strength. Among these, the He i λ1082.9nm has been found to be also related to winds/outflows (Edwards et al. 2006) . Thus, the line may include both the accretion and wind contributions. In most cases the He i λ492.2 nm is blended with the Fe i λ492.1 nm line and we did not attempt any de-blending.
The Ca ii H & K lines are detected in all YSOs. The Ca ii H-line is partially blended with H . The Ca ii IRT λλλ 849.8, 854.2, 866.2 nm and the D-lines of the Na i λλ 589.0,589.6 nm doublet are very well resolved in all our spectra. In several objects both the Ca ii IRT and the Na i lines show up as an emission reversal superposed on the broad photospheric absorption lines. Thus, the strength of these lines must be corrected for the photospheric contribution. This was done for the complete sample (see Section 4.4).
Finally, the two O i lines at 777.3 nm and 844.6 nm are well detected in 14 and 18 YSOs, respectively. These lines are seen in the objects with the strongest Balmer, He i and Ca ii lines.
Line fluxes and equivalent widths
The flux in permitted lines was computed by direct integration of the flux calibrated and extinction corrected spectra, using the splot package under IRAF 6 . Three independent measurements per line were done, considering the lowest, highest, and middle position of the local continuum, depending on the local noise level of the spectra. The flux and its error were then computed as the average and standard deviation of the three independent measurements, respectively. The extinction-corrected fluxes, equivalent widths, and their errors are reported in several tables provided in electronic form only (from Table C .3 to C.11)
7 . In the cases where the lines were not seen, 3σ upper limits were estimated using the relationship 3 × F noise × ∆λ, where F noise is the rms flux-noise in the region of the line and ∆λ is the expected average line width, assumed to be 0.2 nm.
In the case of the H line, blended with the Ca ii H line, measurements of both lines were attempted by a deblending procedure using IRAF. In many cases, the XShooter resolution allows us to resolve both lines almost entirely. However, 11 YSOs display very broad lines, making the de-blending measurements unreliable. These objects are flagged in the electronic Tables C.3 and C.10.
The contribution of the photospheric absorption lines of the Na i D lines and the Ca ii IRT, strongest in the late-K and early-to-mid M-type objects, have been removed in all the spectra by using the synthetic BT-Settl spectra by Allard et al. (2010) of the same T eff and log g as the YSOs, binned at the same resolution of X-Shooter, and rotationally broadened at the same v sin i as the YSOs. For this purpose, the ROTFIT code (Frasca et al. 2006 ), specifically modified for X-Shooter data (See Stelzer et al. 2013b , for details), was applied. In some objects with very broad emission lines, the Ca ii IRT lines are fully blended with the Paschen lines Pa 13 (λ866.502 nm), Pa 15 (λ854.538 nm) and Pa 16 (λ849.249 nm). These objects are flagged in the electronic Table C.10.
We note that the ratio of the Ca ii IR triplet lines is always very close to 1:1:1 (see the electronic Table C.10), i.e. consistent with optically thick gas conditions (Herbig & Soderblom 1980; Hamann & Persson 1992 , and references therein), suggesting that the lines are formed in a high density region near the surface of the central YSO, rather than in a low-density outflow environment (see Reipurth et al. 1986; Graham & Heyer 1988; Fernández & Comerón 2001) .
Although several objects display hydrogen recombination lines with high quantum numbers, here the analysis is restricted to Balmer lines up to H15, Paschen lines up to Pa 10 and the Brγ line, as well as the helium, calcium, sodium, and oxygen lines listed in Table 4 .
The luminosity of the different emission lines was computed as L line = 4πd 2 · f line , where d is the YSO distance in Table 2 and f line is the extinction-corrected absolute flux of the lines reported in the electronic Tables C.3 to C.11. 
Lines versus continuum losses
We have calculated the total line luminosity, L all lines , as the sum of the luminosity of all the emission lines detected in every YSO. In the integrated luminosity of the Balmer lines we also account for the flux of the pseudo-continuum produced by line blending close to the Balmer Jump. The latter was measured by subtracting the flux of the bestfit model to the extinction-corrected spectrum of the YSO. On the average, more than 70% of the total line luminosity comes from the Balmer lines. In most cases (90%), the integrated Balmer line luminosity amounts to more than 60% of L all lines , while for a few objects with very strong lines (e.g. Sz 72, Sz 83, Sz 88 A, Sz 113) the emission in other lines may be as high as 55% of L all lines .
The integrated line luminosity is strongly correlated with L acc (Figure 5) . A linear fit yields: log (L all lines /L ) = 0.86 · log(L acc /L ) −1.05, with a standard deviation σ =0.25. This can be expressed as log(L all lines /L acc ) =−0.14 · log(L acc /L ) −1.05. From the latter equation and considering the scatter of the relation we calculate that objects with L acc <10 −4 L (only five YSOs) may have L all lines /L acc ratios as high as 0.55, while the ratio is lower for high L acc and is <0.25 for L acc > 10 −3 L . Column 8 of Table 3 lists the L all lines /L acc ratios. Although these numbers show that L all lines is a fraction of L acc , there is considerable emission also in the lines. 
Relationships between continuum excess luminosity and emission line luminosity
In units of L , the dynamical range of L acc for our sample covers more than four orders of magnitude, while the luminosity of the line diagnostics discussed in the previous section spans over more than five orders of magnitude. This allows us to investigate the relationships between continuum excess emission and the emission in individual permitted lines. : standard deviation from linear fit Comments in last column: (1) partially blended with Ca ii H ; (2) He i + Fe i blend ; (3) this line is also produced in winds/outflows (Edwards et al. 2006) ; the relationship must be used with caution.; (4) partially blended with H ; (5) O i λλ 777.194, 777.417nm doublet.
•: Suggested relations for deriving Lacc from the line luminosity. Linear fits of the log L acc vs. log L line relationships have been calculated using the package ASURV (Feigelson & Nelson 1985) under the IRAF environment. ASURV includes censoring of upper or lower limits in the fits. In our various relationships the upper limits in the independent variable L line are well consistent with the trends seen in the L acc vs. L line plots. The results of the fits (c.f. Table 4) with and without the inclusion of upper limits are consistent within the errors. The total number of points and the standard deviation of the fits are given in the fifth and sixth columns of Table 4 , respectively. The errors in the computed relationships also account for upper limits when included. No fits were calculated for the Br 8 (Brδ) relation, as the number of upper limits is larger than the number of detections, and the relationship is very scattered (see electronic Figure C.7) .
Continuum vs. line emission relationships
The trends in our L acc vs. L line relationships generally agree with those found in previous investigations (Muzerolle et al. 1998; Calvet et al. 2004; Natta et al. 2004; Herczeg & Hillenbrand 2008; Ingleby et al. 2013 ) (see electronic Figures C.5 to C.10). However, because of the different methodologies adopted to derive L acc (Hα line profile modelling, veiling in the FUV, UV and VIS, etc.), systematic differences may exist at different mass regimes (see Herczeg & Hillenbrand 2008 , and next Section). Therefore, except for the YSOs in σ-Ori (Rigliaco et al. 2012) , whose L acc and L line values were computed in the same way as here, we do not combine other literature data to derive L acc -L line relationships. Note also that our sample comprises L acc ≤ 1 L , while literature data extend to higher accretion luminosities.
While the accretion luminosity is well correlated with the luminosity of all the emission lines, the scatter in the correlations differs for the various lines (see standard deviation from the fits in Table 4 ).
Comparison with previous relationships
The electronic figures C.5 to C.10 show that the L acc -L line relations for the Lupus YSOs are fairly consistent with those in previous investigations of continuum-excess in YSOs in Taurus (c.f. Herczeg & Hillenbrand 2008 , and references therein), and σ-Ori (Rigliaco et al. 2012) . The slopes and zero points of the L acc vs. L line relations derived here are consistent within the errors with those reported in Herczeg & Hillenbrand (2008) (see their Table 16 8 ). A comparison of the L acc values derived here from the slab model with the average accretion luminosity drawn from different line diagnostics (e.g. Hα, Hβ, Hγ, Hδ, the He i lines at 501.6nm and 587.6nm, the He ii line at 468.5nm and the Ca ii K line) as measured from the X-Shooter spectra (fluxes in electronic Tables C.3-C.11) and using the Herczeg & Hillenbrand (2008) relationships, leads to a rms difference <0.3 dex. This is significantly less than the error drawn from the application of single-diagnostic relationships (see also Rigliaco et al. 2012) . We also note that our relationships for the Hα, Hβ, and Ca ii K lines are practically identical to those of Ingleby et al. (2013) , which were derived by fitting UV and optical spectra with multiple accretion components. 8 Note that the slope and zero points in the Herczeg & Hillenbrand (2008) relationships are swapped in their Table 16 .
Our L acc -L Paβ and L acc -L Brγ relations are also similar to those in previous works by Muzerolle et al. (1998) , Natta et al. (2004) , Calvet et al. (2000) and Calvet et al. (2004) , but extend to much lower values of L acc , toward the very low-mass regime (see electronic Figure C .7). As mentioned earlier, however, systematic differences may arise due to the different methodologies to derive L acc . For instance, the difference in log L acc when using our Brγ relationship and Muzerolle et al. (1998) 's may be up to ∼0.5 dex for a typical 0.5 M T Tauri star with L Brγ ∼10 −3 L .
Impact of chromospheric emission on L acc estimates
Previous studies (Ingleby et al 2011; Rigliaco et al. 2012; Manara et al. 2013a ) have stressed the impact of chromospheric emission on L acc at low levels of accretion. Our estimates of L acc are not influenced by chromospheric line emission, as they are derived from the continuum excess emission. The typical continuum emission of chromospheric origin, if present, is automatically corrected for by using as templates the Class-III stars, rather than field dwarfs. In order to investigate the possible effects of chromospheric line emission in our sample, we derived the accretion luminosity, L acc (lines), using emission line diagnostics and the L acc -L line relations in Table 4 . We calculate logL acc (lines) as the average over fifteen diagnostics discussed in Manara et al. (2013a) . In Figure 6 the logL acc (lines) values and the logL acc (lines)/L ratio are plotted as a function of T eff . The dashed lines in the figure show the level of chromospheric noise as determined by Manara et al. (2013a) . Those lines represent the locus below which the contribution of chromospheric emission starts to be important in comparison with energy losses due to accretion. The accretion level of all the Lupus YSOs studied here is well above the chromospheric noise. Therefore, we conclude that the chromospheric contribution to L acc is influential, even at the lowest values of L acc . Our L acc -L line relationships are hence calculated for L acc values well above the chromospheric threshold. The two objects of σ-Ori indicated with upper limits correspond to SO 587 and SO 1266. For these two objects the fraction of luminosity in the Balmer lines with respect to the upper limit in L acc is higher than one. Rigliaco et al. (2011a Rigliaco et al. ( , 2012 show that in SO 587 the strong permitted lines probably originate in a photo-evaporation wind, while in SO 1266 they are dominated by chromospheric emission. We do not consider these two objects in the following plots and analysis.
Accretion properties

Accretion luminosity versus YSO luminosity
Previous investigations (e.g. Natta et al. 2006; Rigliaco et al. 2011a , and references therein) have shown that L acc and stellar luminosity in Class-II YSOs are correlated, although with significant scatter at a given YSO luminosity. pointed out that the distribution of points in the L acc -L plane more or less fills a region which is bounded by the L acc = L relation at high L acc , but which is dominated by detection biases at low values of L acc , roughly following a power-law L acc ∝ L 1.6 . This agrees with the relationships they derive from the data (detections and upper limits) in Natta et al. (2006) . Tilling et al. (2008) presented simplified stellar evolution calculations for stars subject to time-dependent accretion history, and derived evolutionary tracks on the L acc -L diagramme for a variety of fractional disc masses, f disc ≡ M disc /M , and YSO masses. Using the D'Antona & Mazzitelli (1997) models, they assumed that the mass accretion rate declines with time as t −η , with η = 1.5.
As shown in Figure 7 , the Lupus YSOs also fall below the L acc =L boundary, with a small number of objects between 0.1 and 1 L , and many with L acc /L <0.01. The data points are apparently less scattered than those of previous samples. Our sample lacks YSOs with L acc > 1L , this being most likely the reason why we do not populate the region between L acc =0.1L and L acc =L on the diagramme. The slope for the data in Figure 7 is steeper than the L acc /L =constant lines, more or less following the slope of the Tilling et al. (2008) (Figure 7) , one would expect the discs of the lowest mass YSOs to have masses lower than 0.014 M . However, within the uncertainties of the measurements by Ricci et al. (2010) , there is no evidence of a scaling between the disc mass and the stellar mass, or the mass accretion rate. Note also that a recent compilation for a wide range of masses suggests that the fractional disc mass is compatible with an uniform distribution around the value f disc ≈0.01 (Olofsson et al. 2013) .
Accretion rate versus mass
Previous investigations (Muzerolle et al. 2003; Mohanty et al. 2005; Natta et al. 2006; Herczeg & Hillenbrand 2008; Rigliaco et al. 2011a; Antoniucci et al. 2011; Biazzo et al. 2012 , and references therein), have found thatṀ acc goes roughly as the square of M although with a significant scatter (up to 3 dex) inṀ acc for a given YSO mass. Figure 8 shows theṀ acc versus M diagramme for the Lupus YSOs studied here. The position of the σ-Ori stars in this plot is consistent with Lupus and the young brown dwarf FU Tau A, also investigated with X-Shooter (Stelzer et al. 2013a) , follows the trend as well. The scatter is significantly increased by the four sub-luminous YSOs. A linear fit to the complete Lupus sample yields: 
with a standard deviation of 0.4. The slope and zero point of theṀ acc -M fit do not change significantly in either cases because the sub-luminous objects represent only 11% of our sample. It is thus reasonable to conclude that for our sampleṀ acc ∝ M 1.8(±0.2) , which is in agreement with previous studies Muzerolle et al. 2005; Herczeg & Hillenbrand 2008; Rigliaco et al. 2011a; Antoniucci et al. 2011; Biazzo et al. 2012; Manara et al. 2012 ), but inconsistent with the results by Fang et al. (2009) 
3 ) for their sub-solar mass sample in the Lynds 1630N and 1641 clouds in Orion. This inconsistency is more likely to be related to the different methodologies used to derive botḣ M acc and M rather than to different environmental conditions.
Discussion
Emission lines as tracers of accretion
Fitting the UV excess emission, and in general continuum excess emission, is the most reliable and accurate method to derive accretion luminosity in low-extinction YSOs (Muzerolle et al. 2003; Herczeg & Hillenbrand 2008; Rigliaco et al. 2012; Ingleby et al. 2013 ). In the absence of UV spectra, L acc , henceṀ acc , can be calculated using emission line diagnostics. While the relationships by Herczeg & Hillenbrand (2008) are based on simultaneous low-resolution UV and optical spectroscopy, ours encompass and extend simultaneous observations of the diagnostics from ∼330 nm up to ∼2500 nm, at intermediate spectral resolution.
Being based on almost twice the number of points as in previous works, the L acc -L line relations computed here have in general a lower dispersion than those found in the literature applying similar methodologies (e.g. Herczeg & Hillenbrand 2008; Rigliaco et al. 2012; Ingleby et al. 2013) . As in those works, each point in the relationships represents an instantaneous snapshot of L acc and L line . However, results of temporal monitoring of several YSOs indicate variability in optically thick line fluxes, without significant changes in the corresponding continuum accretion rate (e.g. Gahm et al. 2008; Herczeg et al. 2009 ), so that some dispersion may still arise from variability even when the observations are simultaneous. Long-term spectrophotometric monitoring of YSOs over a range of masses is still required to shed light on the magnitude of this effect.
The strongest line in optical spectra of YSOs is the Hα line. Nevertheless, similarly as for the Taurus sample (Herczeg & Hillenbrand 2008) , the L acc -L Hα relation for the Lupus YSOs is the most scattered among the Balmer lines relationships (see Table 4 ). Not surprisingly, as it is well known that several other processes (e.g. outflows, hot spots, chromospheric activity, complex magnetic field topology and geometry, stellar rotation) besides accretion may contribute to the strength of the line. All these processes have an important impact on the line profile, in particular on its width. Previous investigations have used the full width of the Hα line at 10% of the line peak, WHα(10%) expressed in km s −1 , to investigate accretion (see White & Basri 2003; Natta et al. 2004 , and references therein). Since WHα(10%) is easily gathered from optical spectra, many authors have used it to estimateṀ acc . Nevertheless, as discussed by many authors, the relationship has a very large scatter and its use is discouraged when reliable measurements of the line luminosity are possible. In Natta et al. (2004) theṀ acc values used for low-mass stars (<0.3M ) are based on modelling of the Hα line profile (e.g. Muzerolle et al. 2001 Muzerolle et al. , 2003 , whereas those for higher mass stars are mainly based on spectral veiling measurements (e.g. Gullbring et al. 1998 ).
In Figure 9 Figure 8 , these correspond to objects with M < 0.3 M , i.e. those for which theṀ acc 's come from the modelling of the Hα line profile in Natta et al. (2004) . Therefore, the differences we observe between theṀ acc 's calculated from continuum excess and those de- Fig. 9 . TheṀ acc vs. WHα(10%) plot for the Lupus YSOs. Symbols are as in Figure 3 . The WHα(10%) measures are reported in Table 3 . TheṀ acc values of the sub-luminous objects were corrected, as discussed in Section 7.4. The continuous line represents the relationship log (Ṁ acc ) = 9.7 × 10 −3 · WHα(10%) − 12.89 by (Natta et al. 2004 ).
rived from the Natta et al. (2004) relationship, can be attributed to the different methodologies adopted to measurė M acc . In conclusion, although the Hα line is the strongest in optical spectra of YSOs, special attention should be paid when using it to estimate mass accretion rates from the line width.
The least scattered L acc -L line relations are those of the Balmer lines with n>3, the Brγ line and the He i lines. The Paβ and the Brγ relations are recommended because these lines are the least affected from chromospheric emission. In contrast, the Ca ii IRT relations are the most scattered. Even after correction for the photospheric absorption, the Ca ii IRT relations appear more scattered than any of the Balmer lines, mainly because in some YSOs with very broad lines (e.g. Sz 83, Sz 72, Sz 69 and Lup 713) the blending with the Pa 13, Pa 15 and Pa 16 lines contributes to the integrated flux, increasing the line luminosity. Without correction for the photospheric contribution the scatter in the CaII IRT relations would be even larger. As in Mohanty et al. (2005) , we also investigated relations between the surface flux of the Ca ii IRT lines, F Ca ii IRT , andṀ acc , but the scatter remains rather large, on the order of 0.6 dex. In addition to the problem of blending with the Paschen lines, uncertainties in stellar radius and distance make the surface flux relations very scattered and uncertain. Moreover, no evidence is found in our data for a two-mode F Ca ii IRT -M acc relation depending on the mass range, in contrast to the suggestion by Mohanty et al. (2005) . This casts some doubts on whether the two Mohanty et al. (2005) relations may be produced by the different methodologies used to calculateṀ acc . In fact, theṀ acc values for six of the eight objects used by Mohanty et al. (2005) to derive the "lowmass" relation come from modelling of the Hα line profile, while their "high-mass" relation is entirely based on veiling estimates. Note that Mohanty et al. (2005) briefly mention this as a possible reason for their differentṀ acc 's at their low and high mass regimes.
Another important aspect to be considered when determining accretion rates from emission lines and L acc -L line relationships regards the contribution of chromospheric emission. The relative importance of (hydrogen) line emission with respect to L acc is higher for small L acc values, and chromospheric emission may be the dominant process in the lines. Based on the luminosity of several chromospheric emission lines in the Class-III templates, Manara et al. (2013a) determined a threshold below which chromospheric emission dominates line luminosities. The threshold depends on YSO effective temperature and age. Line luminosities yielding L acc values below or just above that threshold should not be considered as accretion diagnostics.
Finally, as in Rigliaco et al. (2012) , we stress that the average L acc derived from several lines, measured simultaneously, has a much reduced error.
Discrepancies with magnetospheric accretion models
The most extensive calculations of line emission in the context of magnetospheric accretion models remain those of Muzerolle et al. (2001) ; they were performed for the stellar parameters typical of T Tauri stars (M = 0.5 M , R = 2 R ), mass accretion rates between 10 −6 and 10 −9 M /yr, different disc truncation radii and a wide range of gas temperatures. Their predictions of the dependence of the line luminosity and line ratios are at odds with the observed trends: namely, while the observed line luminosities increase roughly linearly withṀ acc , the models, which include constraints on the gas temperature, predict that the line luminosity will stay constant aboveṀ acc ∼ 10 −8 M /yr. Muzerolle et al. propose that the observations can only be understood if bothṀ acc and the line fluxes are controlled by the size of the accretion flow, rather than reflecting the physical conditions of the accreting gas. In other words, if the flow occurs along discrete separate magnetic flux tubes, the gas physical conditions in each tube are similar, but the number of them can increase by an order of magnitude from object to object. We confirm the trend and show that it extends over a very large range ofṀ acc .
The similarity of the physical conditions in the accreting gas for objects with very differentṀ acc is suggested by a number of other properties as well. One is the fact that the hydrogen line ratios remain quite constant over a large range ofṀ acc , and that there is no indication that optical depth effects play a significant role. See, e.g., the Paβ/Brγ ratio in Figure 10 : over a mass accretion range of 6 orders of magnitude, this ratio is constant within the uncertainties in the range 3-5, with no evidence for the lines to become optically thin at lowṀ acc (e.g. Muzerolle et al. 2001) . We note that in our sample there are no objects with Paβ/Brγ ∼2, as found in some ρ-Oph brown dwarfs by Gatti et al. (2006) . It is possible that the physical conditions in the younger and brighter BDs in ρ-Oph differ from those in Lupus; however, it would be worthwhile to confirm the Gatti et al. (2006) results using spectra of the same quality of the ones used here.
Another indication for similar physical conditions in the accreting gas comes from considering the relations between L line and L acc derived in Section 5. To zero order they are linear, with slopes varying between 0.99 and 1.18 for the hydrogen Balmer, Paschen and Brackett lines, all equal Objects in the ρ-Oph cloud studied by Gatti et al. (2006) are represented with red dots, while Taurus T Tauri stars from Muzerolle et al. (2001) are represented with cyan asterisks.
within the errors; similarly for the He i lines, with slopes in the range 0.90-1.16. This means that, over a range of L acc of 5 orders of magnitude, a similar fraction of the accretion energy is emitted in each line, independently of their excitation potential and optical depth. Even if these fractions are in most cases very small (less than 1% in the case of the hydrogen lines and less than 0.1% for the He i lines, with only Hα reaching ∼5% of L acc ), they are surprisingly stable across the examined stellar parameters. This, again, suggests that the physical conditions of the accreting gas are very similar in all objects, and that only the covering factor changes from object to object.
To our knowledge, the suggestion by Muzerolle et al. (2001) that it is the geometry of the accretion flow that controls the rate at which the disc material accretes onto the central star has not been followed up by detailed models which include, for example, complex magnetic field configurations.
On the accretion properties of Lupus YSOs
Using simplified stellar evolution calculations for stars subject to time-dependent accretion, Tilling et al. (2008) conclude that the L acc -L plane presents two main features namely, the L acc ≈L upper boundary and diagonal tracks, which can be ascribed to accretion rates as the stars descend the Hayashi tracks. They show that the slope of such tracks on the L acc -L plane is related to the power-law index of theṀ acc vs. age relationship. Our sample is consistent with a L acc ∝ L 1.7 law, and under the Tilling et al. (2008) prescription, where L acc ∝ L (η−0.3)/0.7 (see their equation 12), this would mean η =1.5, leading toṀ acc ∝ t −1.5 . A detailed observational study of the evolution of accretion requires complete and homogeneous samples of YSOs, with a diversity of ages, and well determinedṀ acc (c.f. Sicilia-Aguilar et al. 2010) . Gatti et al. (2008) find that the accretion rates are significantly lower in σ-Ori than in younger regions, such as ρ-Oph, consistently with viscous disc evolution. Manara et al. (2012) and Rigliaco et al. (2011a) discussed the evolution of accretion as a function of stellar mass in the ONC and the σ-Ori cluster, respectively. The age range of our sample is too narrow to investigate in detail theṀ acc ∝ t −η relation, but selecting the objects in the mass range 0.4M to 0.8M , and excluding sub-luminous objects, an attempt to fit the relation yields η = 1.3 ± 0.3, albeit with a large dispersion. The averageṀ acc for objects in the same mass range is 1.3( +1.9 −0.8 )×10
−9 M yr −1 , which is consistent with the calculations of the evolution of viscous discs for 0.5 M YSOs by Hartmann et al. (1998) at 3 Myr (see their Figure 3 ). To investigate empirically theṀ acc vs. age relationship, Caratti o Garatti et al. (2012) normalised theṀ acc to M 2 in order to account for the dependence ofṀ acc on mass. Following this approach for the Lupus YSOs, some number statistics is gained by including in the fit YSOs with mass up to ∼1 M . Although the dispersion is slightly reduced, the result is practically identical.
Since the stellar mass undergoes negligible changes during the Class-II phase, theṀ acc vs. M relation represents a diagnostic tool for the evolution ofṀ acc . From the theoretical point of view, it has been suggested by Vorobyov & Basu (2008) that theṀ acc ∝ M 2 relationship can be explained on the basis of self-regulated accretion by gravitational torques in self-gravitating discs. These authors argue that the relationship can be better described as a double power-law, with the break occurring at M ≈0.25 M , rather than a function with a single exponent (Vorobyov & Basu 2009) . Interestingly, such kink occurs close to the value of mass where the techniques to calculateṀ acc differ. Thus, they also point out the different techniques used to determineṀ acc as a possible cause for the apparent bi-modal power-law.
The power-law index of theṀ acc -M relation for Lupus is also ∼2, but the scatter is smaller than in previous data sets (c.f. the standard deviation for the Lupus fit is a factor 2 less than for the Taurus sample in Herczeg & Hillenbrand 2008) . As pointed out in Section 2, our sample represents about 50% of the complete population of Class-II YSOs in the Lupus-I and Lupus-III clouds. It is thus rather unlikely that the large range ofṀ acc (> 2 dex) at a given mass observed in other data sets will show-up also in Lupus, if a more complete sample is investigated. However, it would be worthwhile to study the YSOs more massive than those in our sample, using spectra of the same quality as here. In addition, although our number statistics is low, there is no evidence for a double power-law in our sample, supporting the conclusion that the apparent bi-modal relations suggested in the literature betweenṀ acc and other YSOs properties are probably the result of mixing upṀ acc 's derived with different methods.
7.4. The sub-luminous YSOs: evolution or edge-on discs ?
The underluminosity and strong emission lines in the optical spectrum of Par-Lup3-4 were first discussed by Comerón et al. (2003) , who found difficult explaining their observations in terms of either a photospheric continuum suppressed by an edge-on disc or an embedded source seen in scattered light. They favor instead the scenario in which the PMS evolution is significantly modified by the accretion process, as suggested in Baraffe & Chabrier (2010) . The analysis of the SED resulting in a disc inclination angle of ∼81
• (Huelamo et al. 2010 ) and the tiny difference in velocity between the red-shifted and blue-shifted components of the outflow (Bacciotti et al. 2011; Whelan et al. 2013) provide evidence that we are seeing the Par-Lup3-4 disc almost edge-on. However, as in Comerón et al. (2003) , strong Ca ii IRT lines are also detected in our X-Shooter spectrum, meaning that not all the emission from the accretion-flows in the inner regions is suppressed by the optically thick disc. Comerón et al. (2003) also pointed out Sz 106 and Sz 113 as underluminous, although not so extreme. Underluminosity is confirmed here for Sz 106, while no evidence for such phenomenon is observed in Sz 113
9 . We also find Lup 706 and Sz 123B underluminous, but not as much as Par-Lup3-4.
As examined by Baraffe & Chabrier (2010) , episodic strong accretion during PMS evolution of low-mass stars produces objects with smaller radius, higher central temperature, and lower luminosity compared to the nonaccreting counterpart of the same mass and age, resulting in low-luminosity objects. Should the PMS evolution of the 4 sub-luminous YSOs have been significantly altered by episodic strong accretion, their surface gravity should also appear larger than for objects of the same mass and age. One way to test this possibility is through independent estimates of the surface gravity. We have done such estimates while correcting the photospheric contribution of the Na i D and Ca ii IRT lines (see Section 4.4), when using the gravity sensitive Na i (λλ818.3 nm/819.48 nm) and the K i (λλ766.50 nm/769.90 nm) doublets (see Stelzer et al. 2013b , for the method), for which veiling is negligible in these objects. The results of the analysis yield log g values (3.5, 3.7, 4.3, and 3.9 for Par-Lup3-4, Lup 706, Sz 106 and Sz 123B, respectively) that are very similar as for the other YSOs in the sample, and lower than those expected for apparently more evolved objects. Hence, we reject the hypothesis that underluminosity of these objects is the result of modified PMS evolution by accretion episodes.
The scatter in several plots shown throughout the previous sections is significantly reduced when L acc is normalised to the YSOs luminosity; the L acc /L values of the subluminous objects are consistent with those for the other YSOs, suggesting that some process is in act that affects L acc and L in the same way. As in the case of Par-Lup3-4, such a process may be gray circumstellar extinction. In the magnetospheric accretion model, the line and accretion luminosities originate in the inner parts of the star-disc system. Thus, under the assumption of gray circumstellar extinction due to disc obscuration both L acc and L line , as well as the YSO luminosity are dimmed by the same amount, which depends on disc inclination angle, disc flaring, and dust opacity. The effect thus cancels out when considering the L acc /L ratio and has no consequences on the L acc vs. 9 We noted some differences between our spectra of Sz 106 and Sz 113 and those published by Comerón et al. (2003) . For instance, the Hα equivalent width we measure for Sz 106 is 11.6Å while Comerón et al. (2003) claim more than 100Å. Also, lots of forbidden lines are seen in our spectrum of Sz 113, while Comerón et al. (2003) L line relationships, but may have an important impact on theṀ acc determinations for the most obscured objects.
Under the hypothesis of a gray obscuration, it can be inferred from Figure 3 that the "obscuration factors" by which the luminosity of the four objects should be multiplied to fit the average trend of the massluminosity relationship are ∼25, 10, 6, and 4 for ParLup3-4, Lup706, Sz 123B, and Sz 106, respectively. At a fixed mass, Equation 1 impliesṀ acc ∝ L acc ·L 0.5 , because the YSO radius scales with the square root of the luminosity. Assuming that the obscuration factor suppresses both L acc and L by the same amount, theṀ acc values for the low-luminosity YSOs can be corrected aṡ M acc (corrected) = (obscurationf actor)
1.5 ·Ṁ acc . When the obscuration factors are applied to L , L acc andṀ acc , the four underluminous objects behave exactly as the other YSOs in the various plots. Detailed analysis of the spectral energy distribution of these YSOs is required to constrain the geometry of their disc.
Summary and conclusions
Our study with X-Shooter@VLT is the first presenting UVexcess measures of accretion luminosity, simultaneously to intermediate-resolution spectroscopy of a large number of emission line diagnostics, from ∼330 nm to 2500 nm, in a significant and homogeneous sample of very low-mass young stellar and sub-stellar objects in Lupus. The quality of the spectra and the accuracy in flux calibration, both in the continuum and the lines, allowed the characterisation of the sample and the computation of L acc vs. L line relations for an unprecedentedly large number (39) of emission line diagnostics, as well as to study the accretion properties of the sample. The main results are summarised here.
The accretion emission in our sample is dominated by continuum emission in the Balmer and Paschen continuum. For the vast majority of the YSOs the integrated line luminosity totals less than one third of L acc . Most of the line luminosity is due to Balmer lines, yet the contribution of the Paschen, Brackett and other permitted lines in the strongest accretors may be comparable to the total Balmer line luminosity. The accretion level of all the YSOs studied here is well above the expected chromospheric contribution, even at the lowest values of L acc .
The 39 empirical L acc vs. L line relationships computed here have in general a lower dispersion as compared to previous relationships in the literature. Our L acc vs. L line relationships are in good agreement with previous results, but systematic differences may exist at different mass regimes with respect to studies adopting other methodologies to measure L acc orṀ acc . We confirm that for low-mass YSOs (M <0.3M ), Hα line profile modelling may underestimatė M acc by 0.6 to 0.8 dex with respect toṀ acc derived from continuum-excess measures.
The least scattered among our L acc -L line relationships are those for the Balmer lines n>3, the Brγ line and the He i lines. The Paβ and the Brγ relations are recommended because less affected by chromospheric activity than the optical lines. The most scattered relations are those of the Ca ii IRT. Likewise, the Ca ii IRT surface-flux relationships have large scatter (∼0.6 dex), mainly due to the blending and contribution of Paschen lines in strong accretors and to the uncertainties on stellar parameters. The previously sug-gested bi-modality with respect to the mass of the Ca ii IRT surface-flux relationships is most likely induced by the mix of different methodologies to deriveṀ acc . More generally, we conclude that mixing mass-accretion rates calculated with different techniques may lead to a spurious bi-modality in the relationships betweenṀ acc and YSOs properties. The average L acc derived from several lines, measured simultaneously, has a significantly reduced error.
The accretion properties of the YSOs studied here are similar to those of other low-mass YSOs in regions like Taurus, ρ-Oph or σ-Ori. We deriveṀ acc in the range from 2×10 −12 to 4×10 −8 M yr −1 for objects with masses from 0.03 to 1.2 M . We conclude thatṀ acc ∝ M 1.8(±0.2) for the Lupus sample studied here, in agreement with most studies of theṀ acc -M relationship. The scatter for the Lupus relationship is smaller than for other data sets. The averageṀ acc for objects with mass between 0.4 and 0.8 M is consistent with the calculations of the evolution ofṀ acc in viscous discs for 3 Myr old objects with 0.5 M .
We confirm, and extend over more than 5 orders of magnitude inṀ acc , some properties of the accretion emission, already known for a more limited range ofṀ acc . In particular, that line ratios, as well as the fraction of L acc emitted in each line, are roughly independent ofṀ acc , and that the line luminosities increase almost linearly withṀ acc over the whole range. This suggests that some inconsistencies between magnetospheric accretion models and observations still prevail, but a number of properties (e.g. constant hydrogen line ratios, same accretion budget emitted in each line independently of optical depth, and linear correlation of the line luminosity withṀ acc , among other) suggest that the physical conditions of the accreting gas, over a large range ofṀ acc , are similar. Our data show that this properties are valid over a large range inṀ acc , extending down to the very low-mass regime. We thus confirm the suggestion by Muzerolle et al. (2001) that it is the geometry of the accretion flows that controls the rate at which the disc material accretes onto the central star: larger mass accretion rates require larger emitting areas. Detailed magnetospheric accretion models, incorporating complex magnetic field topologies, are needed to understand whether other physical parameters (e.g. magnetic field topology) play a role in the accretion physics. effect of veiling is to yield systematically earlier types, but in that spectral range it should be greater than one in order to induce a difference of about one spectral sub-class. As seen in Section 4.1.1, the strongest veiling, at ∼710 nm, among the M-type YSOs is less than 0.6 and corresponds to Sz 113. For this object we estimate that veiling would introduce an uncertainty of 0.4 sub-class in spectral type. For the other YSOs excess emission in the Paschen continuum is smaller (see Table 3 ). For all the M-type YSOs veiling is estimated to influence the spectral type classification to less than 0.3 spectral sub-classes.
B.2. Veiling and extinction
The effect of strong veiling is to make YSOs objects intrinsically bluer than the templates we use to derive extinction. Thus, our method may underestimate extinction if veiling is very strong. To investigate by how much, we proceed as follows. The observed spectrum of a given YSO, F Y SO (λ), is the sum of the flux of the object, F * (λ), plus the flux of the continuum excess emission, Fcont(λ), extincted with an extinction law, A λ /A V . So the flux we observe is F Y SO (λ) = (F * (λ) + Fcont(λ)) · e −0.4·(A λ /A V )·A V . In order to get the extinction, free of veiling effects, we must apply our methods, not to F Y SO (λ), but to the de-veiled spectrum:
We can assume that the continuum flux is the model continuum excess emission derived in Section 4.1.1, hence from Equation B.1 we can compute a "de-veiled" spectrum, provided we know A V . Since we do not know A V in advance, we proceed in a two-step fitting procedure. As first guess of A V we use the value derived from our template fitting procedure applied to F Y SO (λ), and compute an de-veiled spectrum using Equation B.1. A new A V is then derived from our fitting procedure applied to the first de-veiled spectrum. This spectrum is used to compute a new A V value and to redden the Fcont(λ) to be used again to calculate a second de-veiled spectrum, and so on until a A V value is found which leads to the best match with the template.
In practice, we use as a test case Sz 113, the most veiled M-Type YSO in our sample. The extinction we derive as "first guess" is 1 mag. Thus, the model continuum excess emission derived in Section 4.1.1 was reddened at extinctions between 1 mag and 2 mag in steps of 0.25 mag. The results were then subtracted to the observed spectrum of Sz 113. The several de-veiled spectra were then processed with our fitting procedure. The best compromise between reddened model continuum and de-reddened de-veiled spectra occurs at A V =1.5 mag. We conclude that for our most veiled M-Type YSO extinction is underestimated by less than 0.5 mag. (Muzerolle et al. 1998; Calvet et al. 2000 Calvet et al. , 2004 , ρ-Oph and Chamaeleon (Natta et al. 2004 ) and the σ-Ori cluster (Rigliaco et al. 2012) , are overlaid with open circles, ×-symbols and star symbols, respectively. 
